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Abstract: 
 
In this study, we tested the effect of acute exercise on long-term memory, specifically the timing 
of exercise relative to the memory challenge. We assessed memory via paragraph recall, in which 
participants listened to two paragraphs (exposure) and recounted them following a 35-min delay. 
Participants (n = 48) were randomly assigned to one of three groups: exercise prior to exposure, 
exercise after exposure, or no-exercise. Exercise consisted of 30 min on a cycle ergometer, 
including 20 min at moderate intensity. Only the exercise-prior group recalled significantly more 
than the control group (p < .05). Differences among the exercise groups failed to reach 
significance (p = .09). Results indicated that acute exercise positively influenced recall and that 
exercise timing relative to memory task may have an impact on this effect. 
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Article: 
 
The scientific and medical communities generally agree that exercise is beneficial for body and 
mind. Although much of the literature examining the relationship between exercise and cognitive 
performance has traditionally focused on chronic exercise paradigms, a growing body of research 
has focused on the effects of acute exercise (Audiffren, Tomporowski, & Zagrodnik, 
2009; Brisswalter, Collardeau, & René, 2002; Davranche & McMorris, 2009; Lambourne, 
Audiffren, & Tomporowski, 2010; Pontifex, Hillman, Fernhall, Thompson, & Valentini, 2009; 
Tomporowski, 2003). The cognitive tasks most often examined in the acute exercise literature 
include reaction time (Arcelin & Brisswalter, 1999; Arcelin, Brisswalter, & Delignieres, 1997; 
Arcelin, Delignieres, & Brisswalter, 1998; Brisswalter, Arcelin, Audiffren, & Delignieres, 1997; 
Brisswalter, Durand, Delignieres, & Legros, 1995; Collardeau, Brisswalter, & Audiffren, 2001; 
Davranche, Burle, Audiffren, & Hasbroucq, 2006; Kamijo, Nishihira, Higashiura, & Kuroiwa, 
2007; Scott, McNaughton, & Polman, 2006), information processing (Aks, 1998; Davranche, 
Burle, Audiffren, & Hasbroucq, 2005; Hogervorst, Riedel, Jeukendrup, & Jolles, 1996; 
Hogervorst, Riedel, Kovacs, Brouns, & Jolles, 1999; Kamijo et al., 2004; Travlos & Marisi, 1995; 
Welsh, Davis, Burke, & Williams, 2002), and elements of executive functioning (Emery, Honn, 
Frid, Lebowitz, & Diaz, 2001; Hillman, Snook, & Jerome, 2003; Kubesch et al., 2003; McMorris 
& Graydon, 1996; McMorris et al., 1999; Netz, Tomer, Axelrad, Argov, & Inbar, 2007).  
When they reviewed this literature meta-analytically, Etnier et al. (1997) concluded there 
was a small but significant positive effect of acute exercise on cognitive performance (ES = 0.16, 
SD = 0.6). In two narrative reviews of the acute exercise literature, Brisswalter and colleagues 
(2002) and Tomporowski (2003) both concluded that acute exercise has a positive effect on 
cognitive performance. In both reviews, the authors pointed out that exercise intensity and 
duration are important considerations in testing the effect on cognition. Tomporowski (2003) 
reported that results were more consistent when participants performed exercise protocols at 
submaximal intensities for durations of 20–60 min. Brisswalter and colleagues (2002) echoed this 
sentiment, arguing that exercise is more likely facilitative when submaximal protocols are 
sufficient to elicit physiological changes (e.g., elevations in blood catecholamine levels) and last 
between 20 and 60 min. Authors in both reviews posited that short-to-moderate duration, high-
intensity exercise protocols performed by more fit individuals could also result in cognitive 
function gains. In all cases, it was agreed that longer protocols leading to dehydration and fatigue 
were likely to decrease performance on cognitive tasks. 
Although there is evidence for facilitative effects of acute exercise on cognitive 
performance in general, the effects on long-term memory are less clear and have been examined 
to a lesser extent. Even the aforementioned narrative reviews conflict as to whether the positive 
effect of acute exercise extends to long-term memory. Based on the findings of four studies, 
Tomporowski (2003) concluded that acute exercise had no effect on long-term memory. 
However, it is important to note that all study designs in this review incorporated at least one 
factor suggested to have deleterious effects on cognitive performance. These include encoding of 
to-be-remembered material during exercise (Sjoberg, 1980), high-duration exercise protocols 
leading to dehydration and fatigue (Cian, Barraud, Melin, & Raphel, 2001; Cian et al., 2000), or 
intense exercise to exhaustion (Tomporowski, Ellis, & Stephens, 1987). This explanation is 
consistent with the conclusion drawn by Brisswalter and colleagues (2002) that performance on 
long-term memory tasks might be improved by acute exercise paired with fluid ingestion to 
prevent the deleterious effects of dehydration. 
In empirical research conducted since these narrative reviews, positive effects for acute 
exercise on several types of memory were reported. Tomporowski and colleagues (2005) found 
that acute bouts of aerobic exercise performed by highly trained individuals could be linked to 
positive gains in serial addition tasks, which include, among other things, components of working 
memory. Other empirical research also revealed benefits of acute aerobic exercise on decision 
making and reaction time tasks predicated on working memory capacity (Pontifex et al., 2009; 
Sibley & Beilock, 2007). In contrast, Winter et al. (2007) tested the ability to recall a novel 
vocabulary using associative learning methods and reported no differences between exercise 
groups and a control group in immediate recall or recall after 1 week or 8 months. The exercise 
conditions were a 40-min low-impact running condition (median heart rate = 140 bpm) and an 
“intense” condition consisting of two 3-min sprints separated by a 2-min break. In recent research 
examining long-term memory in particular, Potter and Keeling (2005) found that 10 min of light-
to-moderate aerobic exercise produced beneficial effects on a free-recall task incorporating 
elements of working and long-term memory. Coles and Tomporowski (2008) found that 40 min 
of moderate exercise on a cycle ergometer produced improvements in certain portions of a free-
recall, list-learning task. Finally, a study by Pesce, Crova, Cereatti, Casella, and Belluci (2009) 
tested children’s immediate and delayed recall of a word list at baseline (not following any type 
of exercise) and after an acute bout of physical activity (circuit training and team games). They 
observed better immediate recall after team games as compared to baseline testing. Results also 
demonstrated better delayed recall following participation in either team games or circuit training 
as compared to baseline. 
Given the mixed findings of the previous literature, the primary purpose of the current 
study was to test the effects of acute aerobic exercise on long-term memory. In examining the 
methodology of studies that have and have not shown a positive effect of acute exercise on 
memory, it is apparent that those with null results are characterized by elements (e.g., dehydration 
or exhausting intensity) that might have limited the ability to clearly demonstrate a relationship 
between acute exercise and cognition. Therefore, we used a study design that introduced neither 
dehydration nor exhaustion. In particular, the design consisted of a moderate exercise duration 
performed at a moderate and individualized intensity. Additionally, we used a standardized 
paragraph recall test to assess long-term memory, and encoding did not occur during the exercise 
bout. We hypothesized that participants engaging in acute exercise would perform better on the 
recall task than those not performing any exercise. 
An additional consideration in such research is the length of the delay period prior to 
asking participants to recall the information. Evidence suggests that assessment timing is an 
important factor, specifically when testing long-term memory. Revelle and Loftus (1992) 
summarized literature indicating that higher activation levels temporally proximal to encoding 
may inhibit short-term recall but facilitate recall after delays of more than 30 min. This suggests 
that moderate-to-intense exercise should not necessarily be expected to improve information 
recall assessed shortly after an exercise protocol, when arousal is still well above baseline. This is 
consistent with recent research (Coles & Tomporowski, 2008) showing that exercising prior to list 
learning did not facilitate immediate recall, but recall following a 12-min delay showed an 
advantage for the exercise group over the control group for primacy and recency portions of the 
lists. Thus, in this study, we assessed recall 35 min following exposure to the paragraph. 
An additional purpose of this study was to extend the literature by examining the influence 
of exposure timing to the to-be-remembered information relative to the exercise bout. Because 
long-term memory requires a transference process that takes place between the time of 
information exposure and the time of recall, it is conceivable the timing of exercise relative to this 
process would have an impact on any effects exercise might have on that process. This is 
especially likely given the proposed underlying mechanisms for the effects of acute exercise on 
cognitive performance. In particular, it has been proposed that changes in catecholamines, brain 
derived neurotrophic factor (BDNF), and serotonin are responsible for the cognitive benefits of 
acute exercise (Ahmadiasl, Alaei, & Hänninen, 2003; McGaugh, 1989; Meeusen et al., 1996; 
Soya et al., 2007). This was supported by the findings of Winter et al. (2007) who reported that 
immediate and long-term learning correlated with sustained, exercise-induced increases in BDNF 
levels as well as larger absolute levels of dopamine and epinephrine. By using an activity of 
moderate intensity and duration in the current study, we provided an opportunity for some of 
these physiological processes to occur. If increases in neurochemicals are the mechanism by 
which exercise affects memory, these results would seem to suggest activation prior to encoding 
would be the most likely scenario for observing a facilitative effect. Thus, a second goal of this 
study was to assess the impact of exercise timing on long-term memory relative to exposure to the 
memory task. We hypothesized that the group engaging in aerobic exercise prior to the 
presentation of novel information would recall the paragraphs better than both the no-exercise 
group and the group exercising immediately after paragraph presentation. 
 
Method 
 
Participants 
 
The university’s institutional review board reviewed and approved all protocol and 
procedures pertaining to this study. Forty-eight young adults (15 men, 33 women; M age = 22.02 
years) were recruited from the University of North Carolina–Greensboro campus. The ethnic 
breakdown of the sample was representative of Guilford County: 33 Caucasians, 10 African 
Americans, 3 Asians, 1 Hispanic, and 1 participant self-identifying as “other.” All provided 
informed consent to participate in the study, were apparently healthy, and completed a 
questionnaire adapted from the Physical Activity Readiness Questionnaire (PAR-Q) to ensure 
they could safely complete the submaximal exercise protocol. Qualifying participants were 
randomly assigned to one of three groups: exercise-prior group, exercise-after group, or control 
group. Groups were matched by gender prior to group assignment to ensure the breakdown was 
equivalent across groups (5 men, 11 women). The literature has been clear that women 
consistently exhibit an advantage in verbal recall over men (Herlitz, Nilsson, & Backman, 1997; 
Herlitz & Yonker, 2002; Kimura & Seal, 2003; Kramer, Delis, & Daniel, 1988; Maitland, Herlitz, 
Nyberg, Backman, & Nilsson, 2004; Ragland, Coleman, Gur, Glahn, & Gur, 2000); thus, it was 
critical that gender distribution across groups was comparable. 
 
Materials 
 
Long-Term Memory. To assess long-term memory (recall) performance, we used the standard 
New York University Paragraphs for immediate and delayed recall, a subtest of the Guild 
Memory Test (Crook, Gilbert, & Ferris, 1980; Gilbert & Levee, 1971; Gilbert, Levee, & 
Catalano, 1968). This test is similar in construct, execution, and scoring to the Wechsler Logical 
Memory test (Wechsler, 1997). It is a widely used and accepted assessment tool for memory, with 
good split-half reliability (r² = .87; Gilbert, Levee, & Catalano, 1973). The test involves reading 
two brief paragraphs (Story A and Story B) to participants and asking them to recall each one 
immediately after it is read. The reading and immediate recounting sequence is performed once 
for Story A, and twice for Story B. The second reading and recounting of Story B is performed to 
ensure that enough material is learned at exposure to adequately assess delayed recall. Then, after 
a delay, participants are asked to recall each story again, as close to verbatim as possible. Each 
paragraph is composed of two sentences and is four lines in length. Paragraphs are divided into 
units (one to three words), which are scored as correctly recalled when recounted verbatim. Story 
A is composed of 21 units, and Story B is composed of 22 units. Following a 35-min delay, units 
correctly recounted from Stories A and B are summed to obtain a single score for delayed recall. 
A single coder scored the test; however, to reduce the potential for scoring ambiguity only 
verbatim responses were coded as correct. 
Physical Activity Level. We used the National Health Interview Survey, Part E (NHIS; 
Benson & Marano, 1998) to assess current lifestyle physical activity levels. The NHIS has been 
found to exhibit high validity when used among a target population ages 18–34 years (Weiss et 
al., 1990). Participants reported their various physical activity levels for the previous 2 weeks. 
Average metabolic equivalent values for each reported activity were taken from the Compendium 
of Physical Activities Tracking Guide (Ainsworth, 2002). We then calculated values to assess 
daily energy expenditure via physical activity (kcal/kg/day). Although comprehensive in types of 
leisure time physical activities covered, the questionnaire is brief and was completed in less than 
10 min. Participants also completed a brief demographic questionnaire. 
Ratings of Perceived Exertion. Because it has been suggested that detrimental effects from 
fatigue could mask the beneficial effects of exercise on performance (Tomporowski, 2003; 
Tomporowski & Ellis, 1986), it was important that each individual exercised at what he or she 
considered a moderate intensity to ensure the exercise was nonfatiguing. Thus, participants 
exercised at a self-determined moderate intensity level using the Borg scale of perceived exertion 
(ratings of perceived exertion; RPE) with ratings of 13–15 as their parameter. This scale has been 
shown to be psychometrically sound, with reliability coefficients above .90 and validity 
coefficients at .77 and higher (Borg, 1998). Borg’s scale has also been shown to be a valid tool for 
regulating exercise intensity on a cycle ergometer (Dunbar et al., 1992). RPE measures were 
taken at the beginning of and every 5 min during exercise and rest phases. 
Heart Rate. Heart rate (HR) was used as an additional assessment of physiological arousal 
and exertion and was monitored via a short-range radio telemetry device, the Polar F6 Heart Rate 
Monitor, (Kempele, Finland). The monitors included an elastic band, which held a padded HR 
sensor and transmitter below the participant’s sternum. Also included was a wristband 
receiver/monitor, which continuously recorded and displayed HR. Resting HR was obtained from 
all participants at the beginning of the appointment. 
Acute Exercise Protocol. The protocol was a single bout of aerobic exercise of moderate 
intensity and duration on a cycle ergometer. The protocol began with a 5-min warm-up, during 
which resistance was set at 0.5 kp. Following the warm-up, resistance was increased to 1 kp, and 
participants were asked to pedal at a rate resulting in RPE ratings within the prescribed 13–15 
range. Participants exercised at a moderate intensity for 30 min to control for factors associated 
with exercise bouts of high intensity and longer duration (e.g., fatigue, dehydration) that might 
also influence memory performance. For this reason also, water was provided to the participants 
throughout the session. Exercise concluded with a 5-min cool-down period. 
 
Procedure 
Each person in the exercise-prior group began by completing the exercise protocol, 
immediately after which the paragraphs were read to the participant (paragraph exposure). The 
investigator read Story A and then had the participant immediately recount the story as close to 
 
verbatim as possible. The investigator then read Story B and then asked the participant to recount 
the story as close to verbatim as possible. Story B was read and recounted a second time. To 
reduce rehearsal and expectation of later story recall, participants completed the Stroop Task as a 
distracter at the conclusion of this phase. Participants then rested quietly for 30 min. Their HR 
and RPE were monitored every 5 min during exercise and rest. The exercise-prior group 
completed the delayed recall testing immediately following the rest phase. The protocol for the 
exercise-after group differed from the exercise-prior group only in that they rested quietly prior to 
paragraph exposure and completed the exercise immediately following paragraph exposure. They 
then completed the delayed recall testing. Participants in the control group did not exercise at all 
but rested quietly before and after paragraph exposure. This design is illustrated in Figure 1. At 
the session end, we asked all participants if they expected to be required to recall the stories and if 
they spent time rehearsing the stories after hearing and recounting them. 
 
Analysis 
HR and RPE were assessed at 5-min intervals during rest and exercise sessions. We used a 
mixed analysis of variance (ANOVA) with repeated measures for time to ensure there were no 
between-groups differences in RPE or HR during exercise. In comparing RPE and HR during the 
exercise conditions, the between-groups factor consisted of two levels (exercise-prior group prior 
to exposure, exercise-after group after exposure). Greenhouse-Geisser adjustment was used when 
sphericity could not be assumed. We also used a one-way ANOVA to determine if long-term 
recall performance was significantly different between groups. To follow up on any significant F 
values, we used Tukey’s honestly significant differences (HSD) post hoc tests. Finally, partial eta-
squared (ηp²) is presented as a measure of the omnibus effect size for significant ANOVAs, and 
Cohen’s d was calculated as a measure of the effect size comparisons between each possible 
group pairing. 
 
Results 
 
Lifestyle Activity 
A one-way ANOVA comparing average energy expenditure per day revealed no 
significant between-groups differences, F(2, 45) = 0.108, p > .05. 
 
HR and RPE 
Figure 2 shows HR at 5-min intervals for each group, and Figure 3 shows RPE values for 
each group. In comparing the responses of exercise-prior and exercise-after groups to the exercise 
protocol, a repeated-measures mixed ANOVA revealed the expected significant effect for time for 
both HR, F(2.58, 77.31) = 212.19, p < .001, and RPE, F(3.57, 107.08) = 125.17, p < .001. 
However, neither the main effect for group nor the Group x Time interaction was significant for 
either HR, F(2.58, 77.31) = 1.60, p > .05, or RPE, F(3.57, 107.08) = 0.273, p > .05. The average 
HR across the moderate intensity portion of the exercise sessions was 146.53 bpm (SD = 21.6), 
which represents approximately 74% of age-predicted (using the 220-age formula) maximal HR 
for this sample. Average RPE across the exercise sessions was 13.36 (SD = 1.3). 
 
 
 
 
Long-Term Recall Performance 
A one-way ANOVA revealed significant between groups differences in mean delayed 
recall score, F(2, 45)= 4.37, p < .05, ηp² = 0.16. The mean number of paragraph elements 
correctly recalled after the 35-min delay was greatest for the exercise-prior group (M = 15.50, SD 
= 4.13), followed by the exercise-after group (M = 12.19, SD = 4.68) and then the control group 
(M = 11.13, SD = 4.27). Post hoc testing using Tukey’s HSD revealed that only the exercise-prior 
group’s long-term recall performance was significantly better than the control group, p < .05. 
Performance differences between exercise-prior and exercise-after groups did not reach statistical 
significance (p = .09). 
Effect sizes for the differences between groups revealed large positive effects (Cohen, 
1992) on performance for the exercise-prior group over the control group (d = 1.04) and for the 
exercise-prior group over the exercise-after group (d = 0.75). Comparisons also revealed a small 
positive effect of the exercise-after group performance over the control group (d = 0.24). 
 
Discussion 
 
The primary purpose of this study was to determine whether acute aerobic exercise of 
moderate intensity and duration had an effect on a long-term memory task. A second purpose was 
to determine if that effect was influenced by the timing of exercise participation relative to the 
consolidation period. Importantly, mean HR and RPE patterns showed participants kept their 
RPEs within the desired range, the exercise bout was at a moderate intensity level, and the 
exercise groups completed bouts comparable in intensity. 
The hypothesis that both groups completing a single bout of aerobic exercise would 
perform better on the long-term memory task was partially supported. Both exercise groups did 
recall more items than the control group, although post hoc testing revealed that only the exercise-
prior group recalled significantly more story items than the control group. An examination of 
effect sizes indicated that, compared to the control group, exercising prior to the consolidation 
period resulted in a large effect, while exercising during the consolidation period resulted in a 
small effect (Cohen, 1992). Although there was a large effect for recall for the exercise-prior 
group over the exercise-after group, the differences did not reach statistical significance. 
However, a power analysis revealed that an increase from 16 to 27 participants per group would 
likely yield significant differences between these two groups. These results contradict some of the 
earlier literature suggesting that acute exercise has no effect on long-term recall (Sjoberg, 1980; 
Tomporowski, 2003; Tomporowski et al., 1987) but are in line with more recent empirical 
research (Coles & Tomporowski, 2008; Potter & Keeling, 2005). One possible explanation for the 
discrepant results might be the differences in the exercise protocol duration and intensity. Many 
of the early empirical studies, which failed to support an effect of exercise on long-term recall 
included elements that might have undermined any positive influences of physical activity on 
memory. In contrast, more recent studies have tended to support a beneficial effect of exercise on 
long-term recall, and these studies are characterized by exercise of moderate intensity and 
duration. 
Arousal has long been posited as a possible mechanism to increase exercise-induced 
cognitive performance, most notably described by the Inverted-U hypothesis (Davey, 1973). 
Empirical research has not consistently supported this notion (Chang & Etnier, 2009; Côté, 
Salmela, & Papathanasopoulu, 1992; McMorris & Graydon, 2000; Sjoberg, 1980; Sjoberg, 
Ohlsson, & Dornic,1975). An alternative explanation may be that other processes related to 
physiological arousal, such as increases in catecholamines (Zouhal, Jacob, Delamarche, & 
GratasDelamarche, 2008) or neurotrophins (Neeper, GomezPinilla, Choi, & Cotman, 1996; 
Vaynman & Gomez-Pinilla, 2005), may drive improvements in cognitive performance. Although 
neurochemical levels were not directly evaluated in the present study, it has been well established 
that significant increases can be observed in response to exercise of mild-to-moderate intensity 
and moderate duration (Hartley et al., 1972; Kjaer, Christensen, Sonne, Richter, & Galbo, 1985; 
Zouhal et al., 2008). Thus, when examining the impact of exercise-induced physiological arousal 
on memory, it appears that activity duration and intensity are important considerations. 
 
 
 
Recall delay may also play an important role in the impact of acute exercise on memory. 
Findings from a recent study comparing pre- to posttest performance on immediate and delayed 
recall tasks among participants in exercise and no-exercise conditions (Coles & Tomporowski, 
2008) supported the notion that acute aerobic exercise might benefit certain aspects of long-term, 
but not short-term, memory. In that study, immediate recall (short-term memory) was assessed via 
trigram recall (three-letter strings) following delays of 0–18 s. Long-term memory was assessed 
via recall of word lists following a 12-min delay. Although there was no main effect for condition 
on immediate recall performance, only participants in the exercise group recalled primacy and 
recency items (words appearing near the beginning or end of the lists) following a delay. Using 
longer delays allows for consolidation of acquired information to take place. Results of the 
present study support this conclusion, in that there were significant results following a 35-min 
delay. This is also consistent with the assertions by Revelle and Loftus (1992) concerning the 
minimum delay typically needed to observe a facilitative effect of increased arousal on memory. 
Perhaps the most novel contribution of the present study was the systematic examination of 
exercise timing relative to story exposure and consolidation periods. We expected the group 
participating in acute exercise prior to exposure and consolidation would perform better than 
either the control group or exercise-after group. This hypothesis was also partially confirmed. 
Similar to the arousal literature (Abercrombie, Kalin, Thurow, Rosenkranz, & Davidson, 2003; 
Cahill & Alkire, 2003; Cahill, Gorski, & Le, 2003; McGaugh, 2000; Revelle & Loftus, 1992; 
Rimmele, Domes, Mathiak, & Hautzinger, 2003; Schwabe, Bohringer, Chatterjee, & Schachinger, 
2008), when arousal was elevated prior to exposure and consolidation, recall performance was 
best. In fact, we found a large effect size when comparing the exercise prior group’s performance 
to the control group, as well as the exercise-after group. Post hoc testing, however, did not reveal 
a statistically significant difference in recall between exercise groups. Thus, timing of the exercise 
bout appears to be instrumental in observing the effect of exercise on long-term memory. 
There are several possible limitations of this study. One is the unequal number of men and 
women in the sample. There is evidence of gender differences in recall rates involving verbal 
memory (Herlitz et al., 1997; Herlitz & Yonker, 2002; Kimura & Seal, 2003; Kramer et al., 1988; 
Maitland et al., 2004; Ragland et al., 2000). To address this possible confound, condition 
assignment was matched such that each group contained the same number of men (5) and women 
(11). Therefore, gender could not have systematically influenced the different findings between 
the treatment conditions. However, the literature on gender differences has reported that women 
exhibit higher verbal recall rates than men. Therefore, a study with more men may not yield a 
similar magnitude of effect. A second possible limitation is that we did not assess HR during 
exposure. Thus, we do not know how quickly participants’ HR returned to baseline following 
exercise. Although HR is not the most likely mechanism, it may indicate other arousal processes 
affecting results. Therefore, it would be useful for future studies to include an index of arousal 
level during exposure. Last, no physical fitness test was used to set and monitor exercise intensity. 
Rather, we asked participants to exercise at an intensity that maintained an RPE range of 13–15, 
and we used HR as a check of exercise intensity. Indeed, some may view another limitation as our 
failure to use a maximal fitness test to set exercise intensity relative to maximum HR or a 
ventilatory or lactate threshold. Although research has shown that RPE is a reliable tool for 
monitoring exercise intensity on a cycle ergometer, individual differences influence RPE 
(Dishman, 1994; Eston & Williams, 1988). Thus, future research should include more objective 
and well validated methods of regulating exercise intensity to advance more specific conclusions 
regarding the relationship between exercise intensity and cognitive outcomes. 
In summary, participation in an acute bout of moderately intense aerobic exercise prior to 
exposure and consolidation resulted in improved performance on a delayed recall task when 
compared to controls. These results suggest that exercise can have a positive impact on long-term 
memory and that acute exercise exerts its greatest facilitative effect when it occurs prior to 
exposure and consolidation rather than during consolidation. It also appears that intensity and 
duration are important characteristics of physical activity. Prior research indicated that intense 
exhausting activity (Tomporowski et al., 1987), exercise resulting in fatigue and dehydration 
(Brisswalter et al., 2002; Cian et al., 2000; Cian et al., 2001), and light, brief activity (Libkuman, 
Nichols-Whitehead, Griffith, & Thomas, 1999; Varner & Ellis, 1998) can have a detrimental 
effect on memory performance. The results of this and other studies (Coles & Tomporowski, 
2008; Pesce et al., 2009; Potter & Keeling, 2005) using moderate intensity exercise of a moderate 
duration have shown a facilitative effect on long-term memory. While the term moderate exercise 
has been applied to a broad range of protocols, the moderate exercise most likely to produce 
beneficial effects on cognitive performance has been identified as an intensity range of 40–80% of 
maximal oxygen uptake (Brisswalter et al., 2002; McMorris & Graydon, 2000) with durations of 
20–60 min (Tomporowski, 2003). We designed the exercise protocol in the current study 
(intensity= 13–15 RPE, 74% age-predicted maximal HR, duration= 30 min) to be consistent with 
the ranges of moderate exercise identified in the acute exercise reviews. Further, the results from 
both the current study and previous research suggest the timing of an exercise bout relative to 
exposure is an important consideration when evaluating the impact of exercise on long-term 
memory. 
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